Near-infrared spectroscopy was used to monitor cerebral and mesenteric regional oximetry in a preterm neonate undergoing surgical ligation of a patent ductus arteriosus. This patient initially demonstrated severe mesenteric oxyhemoglobin desaturation, which improved immediately following ductal ligation.
Introduction
Near-infrared spectroscopy (NIRS) is a non-invasive technique used to assess tissue oxygenation. Near-infrared light is transmitted and detected by a probe typically placed on the patient's skin. The attenuation of near-infrared light is measured at several wavelengths and distances. Because oxygenated and deoxygenated blood have different absorption spectra, tissue oxyhemoglobin saturation may be calculated. In contrast to pulse oximetry, NIRS measures a 'weighted average' of arterial, capillary and venous blood. 1 The ductus arteriosus in normal full-term neonates typically closes by 3 days of life. However, 20 to 60% of preterm infants or those with respiratory distress syndrome may be affected by a hemodynamically significant patent ductus arteriosus (PDA).
2-4
Physiologically, a PDA alters the blood flow distribution to vital organs by 'left-to-right' shunting of blood from the systemic to pulmonary bed. Up to 70% of the cardiac output can shunt through a large PDA, leaving organs distal to this lesion at risk for hypoxic-ischemic injury. 5 Preterm infants with a PDA are at higher risk of more severe and prolonged respiratory distress syndrome, chronic lung disease, intraventricular hemorrhage, hypoxic-ischemic effects and death than similar infants of an older gestational age or with a closed ductus arteriosus. 5 NIRS has been used to evaluate cerebral regional oxygen delivery in neonates with congenital heart disease in the perioperative period. We report a case of a premature infant with PDA who demonstrated significant mesenteric oxyhemoglobin desaturation, which rapidly improved following surgical ductal ligation.
Case report A 1713 g female infant was born via normal spontaneous vaginal delivery to a 24-year-old G2P1 mother at 32 weeks gestation at an outside hospital. She required intubation for her first 2 days of life and was subsequently started on caffeine for apnea of prematurity post-extubation. On day of life 7, she had an episode of supraventricular tachycardia (SVT) that resolved after 2 min with vagal maneuvers.
An echocardiogram on day of life 8 demonstrated a 3 mm PDA with left-to-right shunting, moderate left atrial and left ventricular dilatation, and a small patent foramen ovale with left-to-right shunting. She subsequently received three doses of indomethacin over the next 48 h. Over the next 4 days, she had further episodes of non-sustained SVT and was started on digoxin. A repeat echocardiogram on day of life 14 showed a moderate size PDA. She was subsequently transferred to our institution for further management of a PDA and SVT.
An echocardiogram performed at day of life 18 showed a large PDA with continuous left-to-right shunting and peak velocity of 3.7 m/s, moderate left atrial enlargement and mild left ventricular dilatation with normal systolic function. The aortic arch was left-sided and appeared widely patent, with no evidence of coarctation. Chest X-ray demonstrated mild cardiomegally with increased pulmonary vascular markings. The patient was subsequently started on furosemide three times a day and propranolol for her history of SVT.
Informed consent for intraoperative monitoring with NIRS was obtained from the patient's parents. The patient was taken to the operating room on day of life 27, where she underwent PDA ligation through a left thoracotomy. Intraoperative findings included a 4 mm PDA with a widely patent aortic arch. NIRS probes (Somanetics 5100B, Troy, MI, USA) were placed on the right forehead and midline abdomen below the umbilicus to measure both cerebral and mesenteric regional oxygen saturations intraoperatively. Figure 1 demonstrates the cerebral and mesenteric oxyhemoglobin saturations measured by NIRS during surgery. Before PDA ligation, mean cerebral saturation was 77.5±3.7%, whereas mean mesenteric saturation was 15.9±2.9%. After ligation, mean cerebral saturations increased to 89.3±3.4% (P<0.0001 compared with pre-ligation), and mean mesenteric saturations increased to 34.1±12.6% (P<0.0001 compared with pre-ligation). She tolerated the surgery well and had an uneventful post-operative course.
Discussion NIRS has assumed an increasingly important role in monitoring cerebral perfusion in neonates during cardiac surgery and cardiopulmonary bypass. 6, 7 Recent studies have also examined the use of NIRS to measure the saturation of other tissues, including the intraperitoneal monitoring of pH in the small bowel, transcutaneous monitoring of lower abdominal perfusion indexed to cerebral perfusion in neonates with acute abdomen and transcutaneous monitoring of renal blood flow in neonates undergoing Norwood palliation. [8] [9] [10] [11] This is the first report of monitoring post-ductal regional saturations with NIRS during surgical PDA ligation. A patient with a significant left-to-right shunt often presents with symptoms of pulmonary overcirculation such as respiratory insufficiency, but as highlighted by this patient may also demonstrate signs of compromised distal perfusion to the mesenteric and renal tissues. In preterm neonates with limited systemic cardiac output, cerebral perfusion may be relatively protected by autoregulation, leaving the post-ductal oxygen delivery at higher risk. Impressively, mesenteric oxygenation improved immediately following ductal ligation in our patient. Although it might be argued that the regional saturation measured by an NIRS probe placed over the anterior abdominal wall may be contaminated by lower extremity or renal venous blood return, the data regarding NIRS measurement of cerebral oxygenation suggest that the predominant signal of an abdominal probe would reflect mesenteric tissue oxygenation. 12, 13 It is presently not known what absolute value of regional oxygen desaturation is associated with permanent tissue damage, but a threshold value, if one exists, may vary between different tissues. Yao et al.
14 suggest that cerebral oxygen desaturation of less than 40% during cardiac surgery may be associated with early postoperative neuropsychological dysfunction. Although the mesenteric tissue bed may be somewhat less sensitive to oxygen desaturation than the brain, it seems likely that prolonged exposure to low tissue oxygen saturations would place patients such as this at much higher risk for complications of mesenteric ischemia such as necrotizing enterocolitis.
Our findings are supported by previous observations made by different methodologies. Shimada et al. 15 evaluated ascending aorta, celiac, superior mesenteric and renal artery blood flow by Doppler ultrasound in extremely low birth weight infants. They found that infants with a hemodynamically significant PDA had increased global left ventricular output, but decreased splanchnic blood flow compared with controls, and that these measures returned to normal following pharmacologic PDA closure with mefenamic acid. Additionally, Meyers et al. 16 studied terminal ileum blood flow and oxygen consumption in a neonatal lamb model of PDA. They noted that despite a significant decrease in intestinal blood flow associated with a PDA, oxygen consumption was maintained, consistent with our finding of mesenteric venous desaturation before PDA ligation.
In conclusion, this patient raises concerns for severe tissue hypoxia/ischemia in preterm neonates with PDAs and demonstrates the feasibility of non-invasive monitoring of regional oxygenation in high-risk patients. NIRS is a promising new technology, which may be useful in selecting those patients with hemodynamically significant PDAs warranting medical or surgical intervention. Further prospective evaluation is needed to define the role of NIRS in the bedside management of high-risk patients. Figure 1 Cerebral and mesenteric oxygen saturation measured by regional NIRS.
